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■ INTRODUCTION
25 Since 1838 when Anselme Payen first found "encrusting 26 material" that was later named "lignin" embedded between 27 cellulose and hemicellulose, numerous studies have been 28 carried out to investigate the structure and characteristics of 29 lignin. Lignin ranks second in quantity in the terrestrial regions 30 of Earth's surface, playing an important role in plants allowing 31 water conduction and protecting them against pathogen 32 However, the extraction of polysaccharide-free lignin with 38 high efficiency using conventional methods is still a challenge 39 because in biomass lignin acts as "glue" adhering the plant 40 polysaccharides layers together with strong covalent bonding to 41 cellulose and hemicellulose. 4 Extraction of lignin is accom- 42 panied by structural damage and polysaccharide contamina-43 tion. 5 The lack of high-quality lignin on the market coupled 44 with difficulties in degrading it selectively and efficiently into 45 useful low molecular weight products make it undervalued and 46 underdeveloped compared with cellulose and hemicellulose. The purity and yield was calculated by TAPPI T222 method. 9 The 164 method is shown schematically in Figure S1 . 
and M a2 , see Figure S1 .
194 Technologies 5977A MSD (USA) as mass spectrum unit. Mass Balance and C/H Contents. Figure 1 shows the 220 influence of temperature and holding time on the yield of 221 residue and C/H content. It was found that major changes of 222 residue mass and C/H content took place from 160 to 190°C. 223 At 170°C, the residue mass could be still affected by holding 224 time; above 190°C, the masses of the residues obtained did not 225 Thermogravimetric Analysis. SSNMR. Figure 4 shows the spectra of SSNMR spectra of The spectra of 190°C MRL and KL showed significant 388 differences. There were two wide bands at 30−50 ppm and 389 120−135 ppm for KL spectrum. Research 29, 33, 34 showed that 390 these two bands can be attributed to CH 2 carbons and CH 391 carbons, respectively. When processing the KL spectrum using 392 the CPNQS methodology that suppresses the CH 2 /CH band, 393 the spectrum became similar to that of 190°C MRL. These 394 data suggested that microwave isolation can keep the aromatic 395 part of lignin intact; however, it appears to remove the aliphatic 396 part to some extent. The monomers of lignin are phenyl-397 propanoid in structure. They are based on a C 6 −C 3 structure 398 that contains both aliphatic and aromatic carbons. Compared 399 with the aromatic C 6 moieties, the C 3 aliphatic side chains of 400 lignins are characterized by higher polarities, having higher O/ 401 C ratios than the aromatic parts of the structure. hydroxy-/furfural/cyclopentane-1,2-dione. In Table 2 , nine of 430 the compounds identified in highest proportions from the Py-
431
GC/MS are listed together with their measured ion current 432 peak areas. In Table 1 
